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Materials and methods
Mouse lines
An EST clone for human histone H2B was purchased (BX101782, Genbank) and part of the sequence amplified by PCR was used to make a cDNA for the H2BEGFP fusion protein.
The H2BEGFP cDNA was cloned into the Rosa26 targeting vector (a gift from Philippe Soriano) (1). Using this vector, H2BEGFP was inserted into the Rosa26 locus by homologous recombination in 129SV/EV ES cells. Heterozygous mice were obtained by crossing chimeras with C57Bl/6 females and the line maintained by interbreeding of homozygotes, which are healthy and have no obvious abnormalities.
The transgenic mouse line CAG-KikGR-1 (CDB0201T) that expresses Kikume Green-Red (2) under the control of the CAG promoter cassette was established after DNA injection into fertilized eggs of CD-1(ICR) mice (prepared by K.H, Tomomi Omura, Rika Nakayama, 2 and Hitomi Tsujii). In this line Kikume Green-Red protein is present in all cells until the blastocyst stage. All experiments using animals were conducted in accordance with the guideline of the Kyoto University animal facility.
Timelapse recording of developing embryos, image processing, and analysis of captured images.
Embryos used for timelapse recoding were obtained after natural mating of homozygous R26H2BEGFP mice. Embryos were cultured in a drop of KSOM-AA media containing BSA (ARK resource, Kumamoto) covered with mineral oil on a glass bottomed culture plate (P35G-0-10-C, MatTek Co) placed on the stage of an inverted microscope (DMIRBE, Leica) equipped with a CO2 incubation system (CTI Controller 3700, Temparature controller 37-2, Leica) and humidifier. For the realtime recording of images, a CCD camera (Coolsnap fx, Photometorics) in combination with a spinning disc laser scan system (CSU10, Yokogawa) using 488 nm diode laser driven by imaging software (Openlab, Improvision) was used. To record development until the blastocyst stage, bright field and 3 fluorescence images were captured every 10 minutes. Focal planes were changed in 5um steps for fluorescence images (23 slices of fluorescence images were captured for the embryo shown in Fig.1 ), and these images were used to reconstruct pseudo three dimensional images. The captured images were processed using Openlab software to make pseudo 3D reconstructed movies of H2BEGFP fluorescence images. The position of each nucleus was recognized by eye with glasses colored in red and green, and traced using The diameter of the ZP was measured using bright field images. Pixel size diameter was read using Photoshop (Adobe Systems Inc., CA) after calibration of X and Y dimension with a micrometer. At the end of the 2-cell stage, i.e., just before the begining of the second cleavage, two diameters of the ZP were measured -one along the 2-cell boundary (defined 5 as 2CB) and the other perpendicular to the 2CB (defined as P). For the measurement of the ZP in freshly collected embryos, late 2-cell embryos were collected and immediately observed under the microscope to measure the diameter of the ZP in three positions.
Embryos were carefully moved on the culture plate by the flow of culture medium to avoid damaging the ZP. The diameter along the 2-cell boundary with the polar body (2CB-PB) and 2-cell boundary perpendicular to 2CB-PB (2-cell boundary without polar body; 2CB-woPB), and the diameter along the two blastomeres (P) were measured using the captured images ( Fig. S2C and E).
Labeling of a blastomere by photo conversion.
For the labeling by photo conversion, 2-cell CAG-KikGR-1 embryos were collected after natural mating and part of the 2-cell blastomere avoiding the nucleus was exposed to UV light using an inverted microscope (DMIRBE, Leica) equipped with "A" filter set (for DAPI). The 40X objective lens was used and the aperture for fluorescence was set to the 8
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The shape of the ZP was ellipsoidal and maintained until the blastocoel expanded.
We noticed that the shape of the ZP was maintained in the timelapse bright field images (Fig.1A-D , supplementary movie 1) judging from its overall dimensions and pigmentation.
There are reports that suggest that the shape of the ZP is not spherical but sometimes ellipsoidal in preimplantation stages (3) (4) (5) (6) (7) (8) . We therefore measured two diameters of the ZP at the end of the 2-cell stage, i.e., just before the beginning of the second cleavage, (Fig.   S2A ). One diameter was along the 2-cell boundary (defined as 2CB) and the other was perpendicular to the 2CB (defined as P). 2CB was shorter than P in all 87 cases. The peak of distribution of the 2CB/P ratio was around 0.9 ( Fig. S2B ) and the mean was 0.89+/-0.053. These findings suggest that 2-cell blastomeres settle along the long diameter of the ZP. We then examined the shape of the ZP in three dimensions in late 2-cell embryos collected from the oviducts (Fig. S2C-F ). Embryos were carefully moved on the culture plate by the flow of culture medium to avoid damaging the ZP. The diameter along the 2-cell boundary with the polar body (2CB-PB) and 2-cell boundary perpendicular to 2CB-PB (2-cell boundary without polar body; 2CB-woPB), and the diameter along the two blastomeres (P) were measured using the captured images ( Fig. S2C and E) . Out of 85 embryos, P and 2CB-PB was equal in four embryos, and in the others 2CB-PB was shorter than P. The distribution of the 2CB-PB/P ratio (Fig. S2D ) was similar to that of the 2CB/P ratio seen in timelapse analysis. These findings suggest that the ellipsoidal shape of the ZP is not due to artifacts of culture or timelapse recordings. The 2CB-woPB/P ratio (mean= 0.84+/-0.063) was less than the 2CB-PB/P ratio (mean=0.91+/-0.052, Fig. S2F ). These findings indicated that the shape of the ZP was not spherical but ellipsoidal and 2-cell blastomeres settle along the shape of the ZP. It was also revealed that the shape of the early blastocyst is not a sphere and is flattened, as reported previously (3, 9, 10) , and this might also be related to the unchanged shape of the ZP until the early blastocyst stage.
The shape of the ZP is already fixed in 1-cell stage embryos and embryos rotate within the ZP after the first cleavage.
We asked when the shape of ZP is fixed, as seen later in the 2-cell stage. Fertilized eggs were cultured for timelapse recording until the second cleavage. As shown in Figure S3A -D, the shape of the ZP was also maintained during this period. The proportion with the flattened shape at the 2-cell stages was similar (2CB/P =0.92 +/-0.045 n=45, Fig. S3E ) to that seen in the later period. These findings suggest that the shape of the ZP is already fixed at the 1-cell stage. Next, we examined the relationship between the first cleavage plane (CP) and the shape of the ZP. In most embryos, the embryo proper rotated in the ZP after the first cleavage. The angle between the CP and 2CB was measured (Fig. S3F) . Out of 45 embryos examined, the angle was smaller than 30˚ in 64% of embryos. This suggests that the flattened shape of the ZP also affects the position of the first cleavage. It was shown that the CP becomes parallel to the shorter diameter of artificially pressed embryos (7, 11) .
Although the pressure is much less in normal embryos, this weak pressure from the flattened ZP might be responsible for the relationship between the shape of the ZP and CP. The division order at the 3 rd cleavage is shown in different colors as indicated in the inset.
The results also suggest that most blastomeres contributed similarly to both embryonic and abembryonic regions. Figure S2 , Shape of the ZP at the 2-cell stage was not spherical but ellipsoidal.
A and B, Just before the second cleavage started, the shape of the ZP was examined using Table S1 . Contribution of 4-cell blastomeres in regions of the blastocyst. were embedded in alginate gel.
